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List of Abbreviations

List of Abbreviations

Units of measure:

ac
cfs
cfu
cm

acre
cubic feetper second
colonyforming unit
centimeter

cubic meters per second
day

gram

hectare

hectometer

hour

inch

kilogram

kilometer

liter

pound

Other abbreviations:

mg
Mg
mi
mL
mo
mt
orgs
ppm
ppb

yd
yr

meter

milligram
megagram (= 1 mt)
mile

milliliter

month

metricton (= 1 Mg)
E.coliorganisms
parts per million
parts per billion
second

ton (English)

yard

year

AFO
BMP
Chia
E. coli
GM
LDC
N
ortho-P
P
SSM
TN
TP
WQs

animal feeding operation
best management practice

chlorophyll a
Escherichia coli

geometric mean (pertains to WQS for E. coli, = 126 orgs/100 mL)

load duration curve
nitrogen
ortho-phosphate
phosphorus

singlesample max (pertains to WQS for E. coli, = 235 orgs/100 mL)

total nitrogen
total phosphorus
water quality standard



General Report Summary

What is the purpose of this report?

This reportserves multiple purposesirst, it is a resource fancreased understanding of watershed and
water gqualityconditionsin and aroundArrowhead PondSecond, it satisfies the Federal Clean Water Act
requirement to develop a Total Maximum Daily Load (TMDL) for impaired waterbdtlied, it

provides a foundation for locaHlgriven watershed and water quality improvement etf@rFinally, it

may be useful for obtaining financial assistance to implement projects to redoegvhead Pondrom

the federal303(d) list of impaired waters.

2 KI GQa ¢ RRoyiidad®Pand® K

Arrowhead Ponds listed as impaired on th2018303(d)list for not supporting itprimary contact
recreation designated us&heimpairment is due teelevatedlevels ofalgaeandturbidity, whichis

caused byoverly-abundantnutrientsand sedimentincludingsedimentboundphosphorusn the lake.

The turbidty and suspended solids in the water column have also impaired the aquatic life designated
use in the lake

What is causing the problem?

The amount of posphorugransported to the lakdrom the surrounding watershed is sufficient to

cause excessive growth of algaed excessive levels of turbiditwhich reducewater clarity.

Phosphorus is carried to the lake in two primary forms: (1) attached to eroded soil that is transported to
the lake by rainfall runoff and stream flow, and (2) dissolved phosphorus in runoff and subsurface flow
(e.g., shallow groundwatgrPhosphorusand sedimenivithin the water column and on the lake bed

may become resuspended under certain conditions, whichackhto algae and turbidity issueBhere

are noallowable dischargingoint sources in thérrowhead Pondvatershed;therefore, all phosphorus
loads to the lake are attributed to nonpoint sources.

Nonpointsources are discharged in amirect and diffusenanner and ofterare difficult to locate and
guantify. Nonpoint source®f phosphorus in thérrowhead Pondvatershedincludegully erosion,

sheet and rill erosiofrom various land usesunoff and subsurface flows from lands that receive

fertilizer application,grazed pasture langhoorly functioning septic systems, manure deposited by

wildlife, and particles carried by dust and wind (i.e., atmospheric depositimortion of the

phosphorus carried to the lake eventually settles to the lake bottomm accumulatednder certain
conditions, this accumulated phosphorus can become available for algal uptake and growth through an
internal recycling process

What can be done to improvérrowhead Pon®

Reducing phosphorus loss frggasture,row crops and implementingor improving existing structural
BMPs such a®rraces, grass waterways, and construcsedliment basing beneficiallocationswill
significantly reduc@hosphorudoadsto the lake.Increasing the trapping efficiency of the existing
sediment basinsnay be the most cost effective structural alternativalditionally, inlake practices
suchdredging omphosphorus stabilization may be necessary in order to address algae and tuabidity
legacy siltatiorconcerns Gonsideration should bgiven to reductions in the population gfass carp
which graze on aquatic plantmhibiting the ability of those plant® uptake phosphorousFinally
removal of curlyeaf pondweedand other invasive plant speciesll help improve water quality. Curly
leaf pondweed dies back in the summegleasing nutrients that contribute to algal blooms.



Who is responsible for a cleané&rrowhead Pon¢®

Everyone who lives, works, mcreates in theArrowhead Pondvatershedhas a role in water quiy
improvement.Nonpoint source pollution is unregulated and responsible for the vast majority of
sediment and phosphorus entering the lakénerefore voluntary management of lanénimals and the
lake itselfwill be required toachievemeasurable improvements tvater quality Many of the practices
that protect andimprove water quality alsbeneft soil fertility and structurethe overall health of the
ecosystemand the valuend productivityof the land Practices that improx water quality and enhance
the longterm viability and profitability okgriculturalproduction should appeal to producers, land
owners, and lake userdike Improving water quality il\rrowhead Pongdwhile also improving the
quality of the surroundingaind, willcontinue torequire collaborativeparticipation by various
stakeholder groups, with land owners playing an especially importantAaléitionally, those looking to
develop sites within thé\rrowhead Pondvatershed should recognize thpactof improved water
quality on property values.

Does a TMDL guarantee water quality improvement?

The lowa Department of Natural Resources (DNR) recognizes that technical guidance and support are
critical to achieving the goals outlined in this Water Quafitprovement Plan (WQIPJhe TMDL itself

is only a document, and without implementation, will not improve water qualiberefore, a basic
implementation plan is included for use by local agencies, watershed managers, and citizens for
decisionmaking suport and planning purposedhis implementation plan should be used as a guide or
foundation for detailed and comprehensive planning by local stakeholders.

Reducing pollutants from unregulated nonpoint sources requires voluntary implementation of best
management practicedMlany solutions have benefits to soil health and sustained productivity as well as
water quality.However, quantifying the value of those ecosystem services is difficult, and those benefits
are not commonly recognize@onsequently, widaspread adoption of voluntary conservation practices

is often difficult to achieveA coordinated watershed improvement effort frrowhead Ponaould

address some of these barriers by providing financial assistance, technical resources, and
information/outreach to landowners to encourage and facilitate adoption of conservation practices.

What are the primary challenges for water quality implementation?

In most lowa landscapes, implementation requires changes in land management and/ortagicul
operations.Management decisions may include changes in the number of acres that are actively tilled
and the diversity and rotation of crops producddthese changes present challenges to producers by
requiring new equipment (e.g., Al planters),narrowing plantingharvestingandfertilization

windows, and necessitating more acti@erd complex farm management.

Additionally, potential shorterm losses in yields are more easily recognized and quantified than long
term benefits to soil health anslustained productivitylt is not easy to overcome existing incentives and
the momentum of current practiceRromoting a longeterm view with an emphasis on lorigrm soil
fertility, production, agroecosystem health, and reduced input costs will be &atér successful,
voluntary implementation by willing conservation partnerowever, water quality improvement and
enhancement oAArrowhead Pondas a recreational resource are appropriate and feasible-teran

goals for a coordin&id watershed improveent effort



Required Elements of the TMDL

This Water Quality Improvement Plan has been prepared in compliance with the current regulations for
TMDL development that were promulgated in 1992 as 40 CFR Part 130.7 in compliance with the Clean
Water Act. These regulations and consequent TMDL developare summarized below ihable 1.

Table 11. Technical Elements of the TMDL

Name and geographic location of thmpaired
or threatened waterbody for which the TMDL
is being established:

Arrowhead PondWaterbody IDA06-WED
1702 located in®29, T77N, R41W, 1.5 miles
southeastof Neola

Surface water classification and designated
uses:

Alc Primary Contact
BLW) ¢ Aquatic life
HH¢ Human health (fish consumption)

Impaired beneficial uses:

Alc¢ Primary ContactiR 5a4a 3b)
B(LW) Aquatic Life (IRb)

TMDL priority level:

Priority Tierl

Identification of the pollutants and applicable
water qualitystandards (WQS):

Poor water transparency due to algae and
turbidity.

Quantification of the pollutant loads that may,
be present in the waterbody and still allow
attainment and maintenance of WQS:

Excess alga@nd turbidityare associated with
total phosphoruqTP) The allowable average
annualTP load 305.3 Ibg/year, the maximum
daily TP load 2.60Ibs/day.

Quantification of the amount or degree by
which the current pollutant loads in the
waterbody, including the pollutants from
upstream sourcethat are being accounted fo
as background loading, deviate from the
pollutant loads needed to attain and maintait
WQS:

The existing growing season loaiil, 1123
Ibs/yearmust be reduced bg07lbs/yearto
meet theallowable TP loadrhis isa reduction
of approximately73 percent

Identification of pollution source categories:

There are ngegulatedpoint source
dischargs of phosphorus in the watershed.
Nonpoint sources of phosphorirsclude
fertilizer and manure from i crops, sheet
andrill erosionfrom row crops and pasture
wildlife, septt systemsgroundwater,
atmospheric deposition, and others.

Wasteload allocations (WLAS) for pollutants
from point sources:

There are no allowable point source
discharges.




Load allocations (LAs)rfpollutants from
nonpoint sources:

The allowableannualaverage TP LA254.8
Ibs/year, and the allowable maximum daily L,
is2.34Ibs/day.

A margin of safety (MOS):

Anexplicit 10 percenMOS is incorporated
into this TMDL.

Consideration oseasonal variation:

The TMDL is based amnualTPloading
Although daily maximum loads are provided
address legal uncertainties, the average
annualloads are critical to itake water
quality and lake/watershed management
decisions.

Reasonable assance that load and wasteloa
allocations will be met:

Reasonable assurances for reductions in
nonpoint source pollution are provided by (1,
a list of BMPs (see Section 4 of this WQIP) t
would provide phosphorus reductions, (2) a
group of nonstructurapractices that prevent
transport of phosphorus, (3) proposed
methodology for prioritizing and targeting
BMPs on the landscape, and (4) best availat
data for estimating the efficiency/reduction
associated with BMPs.

Allowance for reasonably foreseeable
increases in pollutant loads:

Althoughwatersheddevelopment may
continue in the future, an increase in the
pollutant load from land use change is not
expected.

Implementation plan:

An implementation plan is outlined in Sectior
4 of this Water Qualjtimprovement Plan.
Phosphorudoading and associated
impairmentsmustbe addressed through
variety of voluntary managemerstrategies
and structuralpractices Emphasis on
watershed best management practices.

-10-



1. Introduction

The Federal Clean Water Act requires all states to devigtspof impaired waterbodies that do not
meetwater quality standards (WQS) asdpportdesignateduses.This list of impaired waterbodies is
NBEFSNNBR (2 | & Ilb&lSitiodtd deve®rng theo3034dd IRtpa Total Makidum Daily
Load (TMDL) must be developed for each impaired waterbody included on the TiIMDL is a
calculation of he maximum amount o pollutant that a waterbody can tolerate without exceeding
2v{ YR AYLIANARY3A (KS Bk iMDNIaRURBOQIE refReSantedby thell S R
following general equation:

TMDL = LCSWLA +SLA + MOS

Where: TMDL =total maximum daily load
LC =loading capacity
SWLA = sum of wasteload allocations (point sources)
SLA = sum of load allocations (nonpoint sources)
MOS = margin of safety (to account for uncertainty)

One purpose of this Water Quality Ingprement PlafWQIP) fo Arrowhead Pongdlocated in
PottawattamieCountyin western lowa, is toprovidea TMDLfor algaeandturbidity, whichhas
decreasedvater quality in the lakeAnotherpurposeis to provide local stakeholders and watershed
managers with a tool to promote awarenemssd understandingf water quality issues, develop a
comprehensive watershed management plabtain funding assistancandimplementwater quality
improvement projets. Overabundance of phosphorus is largely responsible for excessive algal growth
and turbidity, which impairthe primary contact designated usd Arrowhead PondThe impairmens

are addressedy development ofa TMDL that limitsotal phosphorus (TRdads to the lakePhosphorus
reductions should be accompanied f®duced algal growtlandreduced turbidity

The plan also includes descriptgwf potential solutions to thémpairments Thissetof solutions is
presentedas atoolbox of best management practices (BMRF®) improvingwater quality inArrowhead
Pondwith the ultimate goal of meeting water quality standards and supporting designated Tisese
BMPs are outlined in thinplementationPlan in Sectior.

The lowa Departent of Natural Resource®NR recommends a phased approach to watershed
managementA phased approach is helpful when the origin, interaction, and quantification of pollutants
contributing to water quality problems are complex and difficult to fully uistend and predict.

Iterative implementation of improvement practices and &dzhal water quality assessment (i.e.,
monitoring)will help ensure gradual progress towlarwater quality standardspaximize cost efficiency,
and prevent unnecessany ineffeciveimplementation of costly BMP#mplementation guidance is
provided in Section 4 of this report, amgater quality monitoringguidance iprovided in Sectiob.

Thisplanwill be of Imited valueunlessadditionalwatershed improvement activities and BMPs are
implemented.This will require the active engagement of local stakeholdesland ownersExperience
has shown that locallled watershed plans have the highest potential for succélss.Watershed
Improvement Section oDNRhas designeé thisplanfor stakeholder use anohay be abldgo provide
technical supporfor the improvement of water quality il\rrowhead Pond

-11-
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2. Description and History oArrowhead Pond

Arrowhead Ponds located irNeolaTownship PottawattamieCounty approximatel{.5 miles west of
the City ofNeola Arrowhead Pondvasconstructedin 19& and isownedand managedby the
Pottawattamie County Corsvation BoardThe lakeand parkprovide fishing, hunting and other
outdoor recreation activies for the publicFigure 21 is a2017aerial photograpiwith the boundaries
of the watershedshown.

Improvements

In August 1983he Pottawattamie County Conservation Board and the West Pottawattamie Soil and
Water Conservation District submitted a proposal for the ArrowhPadWater Quality Management
and Critical Area Treatment RC&D Planat plarwas implemented in 198through1989. The vast
majority of conservation practices in the watershed were implemerdedng that time

A previous TMDL for siltation wapproved byEPA in 2002l his prompted the implementation of best
management strategies to reduce erosion and sediment transport in the watershed including terraces,
no till operations, and the installatn of two small sediment basins near Arrowhead Pond.

Table 21 lists some of the general characteristicsasfowhead Pondnd its watershed as it exists

today. Estimation of physical characteristics such as surface area, depth, and volume areased
bathymetic survey conducted bhe DNRin May, 2013.

-12-



Table 21. Arrowhead PondWatershed andLake Characteristics

DNRWaterbody ID

ID CodelA06-WED1702

12-Digit Hydrologic Unit Code (HUC)

102300060404

12-Digit HUC Name

Neola Creek Mosquito Creek

PottawattamieCounty 9, T77N, R41W, 1.5 miles

Location

westof Neola
Latitude 41.435° N(ambient lake monitoring location)
Longitude 95.593” W (ambient lake monitoring location)

Designated Uses

Al¢ Primary Recreation
B(WW-1) ¢ AquaticLife
HH¢ Human health (fish consumptipn

Tributaries Unnamedstreams
Receiving Waterbody Mosquito Creek
Lake Surface Are@ 14.0acres

Length of Shoreline 6,355feet
Shoreline Development Index 2.29

Maximum Depth® 13.9feet

Mean Depth® 6.1feet

Lake Volumé?

86.1acrefeet

Watershed Ared?

1,042.7acres(includes lakg

Watershed:Lake Rati&

7351

HydraulicLake Residence Tini&

28 days

D PerMay 2013 bathymetric survey.
(2) (Watershed ArealLake Area) / Lake Area
3 BATHTUB model prediction for average annual conditior32(2018)

-13-




Arrowhead Pond Pottawattamie County
Water Quality Improvement Plan TMDL for Algae and Turbidity

Arrowhead' Pond; ,PottaWattamie-@)oLInty
Vicinity/Map}(201/7;Aerial)

%

STATE LN

SYCAMORE RD

SUMAC RD!

5

320TH;ST;

Legend
—— Major Roads

.-,:l‘j Incorporated Areas
w Watershed Boundary

¢ a Public Linds

ROSEWOOD RD

310 THIST;

!

)
_II
]

b i mEn
_ 1)

s

0 04 0.8 1.6

——— o

Figure 21. Arrowhead PondVicinity Map.
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Water Quality History

Water quality data has been collected through the statewide survey of lowa hvakieh was

conducted from 2000 througR018 by lowa State UniversiySU) A statewide ambient lake monitoring
program conductedn 2008by the State Hygienic Laboratory (SHL) also provided data on the water
qualityin Arrowhead Pond

2.1.Arrowhead Pond

Hydrology

Daily precipitation data were obtained for tli@aklandStatian from the lowa Environmental Mesonet
downloadablefrom the IEM Daily potential evapotranspiration (PET) data were obtained from the lowa
Ag Climate Network, downloadable from the IEM (IEM,7B)IThe lowa State Climatologist provides
guality control ofthese dataDaily observations between January2002 and December 31, 2@were

used in climate assessment and model developme&ahble 22 reports weather station information

Table 22. Weather Sation Information for Arrowhead Pond

Data Temperature/Precipitation Potential ET
Network IACLIMATE ISU AgClimattiSU Soil
Moisture
Station Name (ID) Oakland2-E(IA615) Lewis(A134759
Latitude 41.32° 41313
Longitude -95.38 -95.173

Sourcehttps://mesonet.agron.iastate.edu/climodat

Average annual precipitation nearrowhead Pondvas37.2 inches from2002-2018. The annual
average precipitation during this time period was higher than the/&r annual averagef 35.5 inches.
During this time periogthree ofthe seven wettest years on recosincel951were recorded(2007,
2010, and 2014 Figure 22 illustrates the annugbrecipitation totals along with lake evaporation
(estimated as 70 percent of annual PHTjis chart shows an inverse relationship betwgeecipitation
and lake ET mainly due to climatological factors such as cloud cover and tempevdgairgears show a
surplus of precipitation whildry yearg2005and 2012 show a precipitation deficit in comparison to
lake ETThe estimated annual lakeT of 374 inches is nearly identical to the annual precipitation over
the modeled time periodThis validates the assumption to model lake water levels as steady state
conditions over the long term.
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Figure 22. AnnualPrecipitation and Estimated Lake Evaporation.

Precipitation varies greatly lseason irwesternlowa withapproximately75 percentof amual rainfall

taking place in half of the yeadpril through Septembey. Monthly average precipitation is illustrated in
Figure 23 along with estimated evapotranspiration (EAJthough precipitation is highest during the
growing season, so is Eanda monthly moisture ddicit occasionallyccurs Note thatwatershed ET is
typically higher than lake evaporatiamthe summer monthsa result othigh temperatures and

vegetation transping large volumes of moisture from the sdiring the peak of the growing seasdn.

is often during this period that harmful algal blooms develop in waterbodies, as water heats up and lake
flushing is minimal.
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Figure 23. Monthly Precipitation andEstimated ET for theArrowhead PondWatershed

Rainfall unoff, direct precipitation evapotranspirationshallowgroundwaterflow, anddeep aquifer

recharget NB | f € LI NI 27F ( KEStimited{reSideace fitee R NBdd Brihindal 48 4 1 SY @
precipitation and evaporation data, Spreadsheet TooHstimating Pollutant Load (STEPL) estimates of

average annual inflow, and a water balance calculated within the BATHTUB el @BATHTUB water

balance calculation includes: inflows (from STEPL), direct precipitation, evaporation calculated from
measuredPET atewis lowa and lake morphometry.

During years of below average precipitatjioesidence time increasetn wet years, the opposite is true
asresidence time decreaseln lakes with smaller watershed to lake ratitee residence time may be
longer than lakes witharger watershed to lake ratios.

Morphometry

According to the most current bathymetric datddy 2013), the surface area dkrrowhead Ponds 14.0
acres Estimated water volumef the lakeis 86.1acrefeet (acft), with a mean depth 08.1ft and a
maximum depth ofL3.9ft in the centralsectionof the lakenear the outfall The reservoir, like most
man-madestream impoundments, has an irregukltape with small dissected arms that lead tioe
uplands of the wateshed Evidence of sedimentation the lakeand upland basinsuggest that the
watershed ofArrowhead Pondhas a large impact on water qualifijhe significance of sediment (and
associated posphoru$ loading from the watershed is further evidenced hg shoreline development
index of2.29 which ismoderately highValues greater than 1.0 suggest the shoreline is highly dissected
and indicative of a high degree of watershed influence (Dodds, 2B@gl).indexaluesare frequently
observed in mammade reservoirs Lake morphometry and bathymetry data are showrrigure 24.
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Figure 24. 2015 Bathymetric Map oArrowhead Pond
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2.2. TheArrowhead PondWatershed

The watershed boundary éfrrowhead Pon@&ncompasse$,042.7acres(Figure 21). The watershed

to-lake ratio 0f73.5:1 issignificantlyhigher than an ideatonditionof 20:1 A higher ratio means

watershed influences have a larger impact on water quality in Arrowhead Bod more work in the
watershed will need to be done to see water quality improvemefitigation of watershed influence

will be required, and ilake techniques may have short effective life spans in the absence of watershed
improvements and renovation#\ prudent watershed management strategy should focus on problem
areas that can be most easily addressed and implementing alternatives that provide multiple benefits in
addition to water quality, such as increased soil health, erosion reducimhhabiat enhancement.
Watershed management and implementation strategies are discussed in more detail in Segtion 4
Implementation Planning.

Land Use

Land use information for the area was created from a windshield survey conductedsprihgof 2020
andfrom variousaerial photograpl. The predominate land use corn and soybean row croff9.4
percend) with grasslandand pasture bothmaking upabout 12.7 percenteachof the watershed Table 2
3 andFigure 25). Grassland is an aggregateAifalfa/Hay andungrazed landln the past, CRP land
existed but has all been converted back to crop land.

Table 23. Arrowhead PondWatershedLand Uses

Land Use Description Area (acres) | Percent (%)
Row Crop Corn and Soybeans 618.7 59.4
Grassland Un-grazedGrassland, Alfalfa/Hay 132.6 12.7
Forest Bottomland, Coniferous, Deciduous 92.2 8.8
Urban Farmstead, Roads 49.8 4.8
Pasture Grazed grassland 132.8 12.7
Water/Wetland Water and Wetland 166 1.6
Total 1,042.7 100.0

(1) IncludesArrowhead Pondurfacearea.
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Figure 25. Arrowhead PondWatershed Landse Map.
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